The incapacity of many human societies to deal with contemporary environmental questions (such as climate change, health epidemics, land-use, forestry management, renewable and non-renewable resources, housing, poverty, and urban planning) 
Introduction
Today there is no consensual definition of interdisciplinary and transdisciplinary contributions. Current confusion and misunderstandings about multidisciplinary, interdisciplinary, and transdisciplinary contributions to scientific research, formal education programmes, and professional practice have a history that can be traced back at least to the seminar organized by the Organization for Economic Cooperation and Development (OECD) in 1970. In some of the papers presented at that seminar, a distinction was made between interdisciplinary and transdisciplinary contributions [1] . Both Erich Jantsch, the Austrian physicist, and Jean Piaget, the Swiss psychologist, adopted an interpretation that refers to systems theories and a multi-level or hierarchical model that positions multidisciplinary contributions below interdisciplinary ones, which, in turn, are below transdisciplinary contributions. Jantsch and Piaget agree that multidisciplinary approaches merely juxtapose different disciplinary contributions whereas interdisciplinary approaches are coordinated and integrated. Accordingly, transdisciplinary approaches combine more disciplinary contributions in order to generate a more comprehensive level of understanding by applying an enlarged systemic framework of several disciplinary and interdisciplinary contributions.
Thirty years after the international seminar organized by the OECD, a consortium of Swiss academic and professional institutions organized an international conference in Zurich in 2000.
About 800 participants from 50 countries attended, and they were presented with different interpretations of interdisciplinary and transdisciplinary approaches compared to those of the 1970s [2] . In particular, transdisciplinary approaches were considered new forms of learning and problem solving that involve actors from both the scientific community and other sectors of civil society (non-governmental organizations, community associations, and the private sector) in order to tackle real-world problems. This interpretation is not the same as the enlarged application of disciplinary approaches that was proposed in the 1970s.
Some reasons for the shift in the interpretation of interdisciplinary and transdiciplinary approaches between 1970 and 2000 are grounded in the ability of scientific research to deal with tangible research questions that societies need to tackle. These include public health challenges, such as the obesity epidemic; impacts of global change, including the effects of desertification on natural and human-made ecosystems; and the consequences of the uses of different kinds of energy resources on local and global economies. Another concern has been related to the complexity of these real-world issues and the incapacity of any one discipline or profession to deal with them effectively. Gibbons et al. argued that the conventional modes of doing scientific research are insufficient and that joint problem solving among science, technology, and representatives of civic society are essential [3] . Hence, in contrast to other interpretations, the International Conference in Zurich provided an innovative framework for participatory research on a wide range of real-world problems rather than focusing only on academic research and the curricula of higher education programmes.
Today there is no shared definition of interdisciplinary and transdisciplinary contributions. Nonetheless, it is more widely accepted that transdisciplinary approaches are not synonymous with interdisciplinary ones. However, there is still no consensus concerning the differences between interdisciplinary and transdisciplinary contributions [4] .
The relationship between researchers in different disciplines, especially in the human/social and the basic/natural sciences, is often considered to be a source of conflict. Yet, this need not be the case as Boyden and his colleagues showed more than 20 years ago in their applied human ecology research about Hong Kong [5] . Innovative contributions of this kind can lead to the development of new terminology, innovative concepts, and new knowledge. This is an important challenge for those who wish to apply interdisciplinary or transdisciplinary approaches to deal with complex environmental questions.
When dealing with complex subjects, such as core environmental questions, it is necessary to shift from mono-disciplinary to interdisciplinary and transdisciplinary concepts and methods. In order to be effective, this shift should be founded on a clarification of definitions, goals, and methods. In this paper, disciplinarity refers to the specialization and fragmentation of academic disciplines especially since the 19th century. Each discipline has its own concepts, definitions, and methodological protocols for the study of its precisely defined domain of competence. Multi-disciplinary refers to an additive research agenda in which each researcher remains within his or her discipline and applies its concepts and methods without necessarily sharing a common goal with other researchers. Interdisciplinary studies are those in which concerted action and integration are accepted by researchers in different disciplines as a means to achieve a shared goal that usually is a common subject of study. In contrast, transdisciplinary contributions incorporate a combination of concepts and knowledge not only used by academics and researchers but also other actors in civic society, including representatives of the private sector, public administrators, and the public. These contributions enable the cross-fertilisation of knowledge and experiences from diverse groups of people that can promote an enlarged vision of a subject, as well as new explanatory theories. Rather than being an end in itself, this kind of research is a way of achieving innovative goals, enriched understanding, and a synergy of new methods.
Multidisciplinarity, interdisciplinarity, and transdisciplinarity are complementary rather than being mutually exclusive. Both interdisciplinary and transdisciplinary research and practice require a common conceptual framework and analytical methods based on shared terminology, mental images, and common goals. Without specialised disciplinary studies, there would be no in-depth knowledge and data. This paper will summarize the mainstream interpretations of interdisciplinary and transdisciplinary contributions and illustrate them with respect to recent publications in the field of environmental studies.
What is interdisciplinarity?
It is generally accepted that interdisciplinary contributions involve the collaboration and cooperation of scientists from at least two disciplines who apply their disciplinary competence to work on common questions and the achievement of shared results. The core characteristic of interdisciplinary approaches is their goal to integrate concepts, methods, and principles from different disciplines.
What is transdisciplinarity?
Transdisciplinarity is an ambiguous term that has been interpreted in various ways. Balsiger noted that there is no complete history of this term or concept. Like interdisciplinarity, there seems to be no consensus about its meaning. This being said, several shared aims of transdisciplinarity can be identified by an analysis of recent publications.
First, transdisciplinarity admits and confronts complexity in science and it challenges knowledge fragmentation [8] . It deals with research problems and organizations that are defined from complex and heterogeneous domains such as global environmental change or public health challenges [9] . As well as complexity and heterogeneity, this mode of knowledge production is also characterized by its hybrid nature, non-linearity, and reflexivity, transcending any academic disciplinary structure [10] .
Second, transdisciplinary research accepts local contexts and uncertainty. It is a context-specific negotiation of knowledge [11] . Third, transdisciplinarity implies intercommunicative action. Transdisciplinary knowledge is the result of inter-subjectivity [12] . It is a research process that includes the practical reasoning of individuals with the constraining and complex nature of social, organizational, and material contexts. For this reason, transdisciplinary research and practice require close and continuous collaboration during all phases of a research project or the implementation of a project.
Fourth, transdisciplinary research is often action-oriented. It entails making linkages not only across disciplinary boundaries but also between theoretical development and professional practice [13] . Transdisciplinary contributions frequently deal with real-world topics and generate knowledge that not only address societal problems but also contribute to their solution [14] . One of its aims is to understand the actual world and to bridge the gap between knowledge derived from research and decision-making processes in democratic societies. However, transdisciplinary research should not be restricted to applied knowledge [15] . This common interpretation is too restrictive because there is no inherent reason why theoretical development -especially the analytical description and interpretation of complex environmental questions -cannot be achieved by transdisciplinarity. This is a basic necessity if advances are to be made in research and practice about real-world issues.
Understanding Multidisciplinary, Interdisciplinary, and Transdisciplinary Contributions
Although interdisciplinarity and transdisciplinarity have been used interchangeably by some authors, the difference between multidisciplinary, interdisciplinary, and transdisciplinary contributions will now be summarized.
Bruce et al. stated that in multidisciplinary research, each discipline works in a self-contained manner and that in interdisciplinary research, an issue is approached from a range of disciplinary perspectives integrated to provide a systemic outcome [16] . In transdisciplinary research, however, they affirm that the focus is on the organization of knowledge around complex heterogeneous domains rather than the disciplines and subjects into which knowledge is commonly organized.
Some authors remind us that the word interdisciplinary has been used consistently to denote scientific research that involves a number of disciplines [17] . In contrast, the word transdisciplinary has not been restricted to scientific research. It has been used since the 1970s in debates about teaching that were launched by the famous Swiss psychologist Jean Piaget, as well as in the practice of architecture, urban design, and land-use planning that involves stakeholders in decision-making processes.
Ramadier argued that transdisciplinarity should not simplify reality by only dealing with parts of it that are compatible at the crossing of multiple disciplinary perspectives, as is often the case with interdisciplinary research [18] . He introduced the argument that transdisciplinarity is at once between disciplines, across disciplines, and beyond any discipline, thus combining and going beyond all the processes of multidisciplinarity and interdisciplinarity. He stressed that transdisciplinary approaches can only be effective if there is a significant shift in disciplinary thinking. He argued this would involve a shift from disciplinary divisions (which search for the unity of knowledge) to collaborative deconstruction (which seeks coherence).
Ramadier illustrates these approaches by the study of people-environment relations in urban areas. He considers the contributions of scholars in anthropology, architecture, history, human geography, urban sociology, and psychology. Each of these disciplinary contributions includes concepts and methods that are applied to study people in precise situations, usually only at one point in time. He then discusses how disciplinary interpretations of the legibility of urban space have not provided innovative knowledge. In contrast, he notes that transdisciplinary contributions by some environmental psychologists have led to the formulation and validation of innovative concepts, such as place identity. Since the 1970s, the concept of place-identity has provided important contributions to the field of architecture, human geography, psychology, and sociology by showing the influence of the physical environment on identity and self-perception.
Després, Brais, and Avellan describe the context, theoretical framework, methodology, and results of a collaborative urban planning project to redefine the future of suburban neighborhoods built between 1950 and 1975 on the outskirts of Quebec City in Canada [19] . The authors stress that transdisciplinarity and intersubjectivity explicitly form the theoretical and methodological foundations of their work. They adopt a framework stemming from the theory of communicative action by the German philosopher Jür-gen Habermas. The authors share Habermas' conviction that scientific knowledge is not the only type of rational knowledge and that instrumental, ethical, and aesthetic knowledge should be integrated to form a holistic science [20] . They endorse Habermas' position that rational knowledge is not only defined by what is known but also by how it is communicated. Dialogue processes, mediation, negotiation, and consensus building are means for the development of mutual understanding and intersubjectivity that, in turn, produce a fifth type of hybrid knowledge.
Després and her colleagues applied this theoretical framework and developed a methodology that combines scientific analysis, action research, and participatory design processes. The successive phases of their work involve a diagnostic of the demographic, environmental, physical, and social characteristics of suburban environments; the definition of objectives and criteria for the revitalization of specific suburbs; and the development of an architectural and urban design project for the redevelopment of these suburbs using an 18-month participatory process with stakeholders and representatives of the local population.
Transdisciplinary contributions of this kind enable the cross-fertilisation of ideas and knowledge from different contributors that promotes an enlarged vision of a subject, as well as new explanatory theories. Innovative contributions require not only logical reasoning but also imaginative thinking [21] .
Transdisciplinarity is a way of achieving innovative goals, enriched understanding, and a synergy of new methods.
Several recent contributions propose that the difference between interdisciplinary and transdisciplinary contributions stems from the latin prefix "trans," which denotes transgressing the boundaries defined by traditional disciplinary modes of inquiry. They make a distinction between the research group, which will always remain interdisciplinary by the very nature of disciplinary education and inquiry in general, which, if transdisciplinary, implies that the final knowledge is more than the sum of its disciplinary components. Lawrence compares interdisciplinary approaches to a mixing of disciplines while transdisciplinary ones would have more to do with a fusion of disciplinary and other kinds of knowledge [22] . This interpretation means that transdisciplinarity is not an automated process that stems from the bringing together of people from different disciplines or professions. In addition, it requires an ingredient that some have called transcendence [23] . This implies the giving up of sovereignty over knowledge, the generation of new insight and knowledge by collaboration, and the capacity to consider the know-how of professionals and lay-people.
Wiesmann and his colleagues summarize the dominant interpretation of transdisciplinarity in German-speaking countries of Europe as "research that includes cooperation within the scientific community and a debate between research and the society at large. Transdisciplinary research therefore transgresses boundaries between scientific disciplines and between science and other societal fields and includes deliberation about facts, practices and values" [24] . This paper shows that the debate about the "correct" definition of interdisciplinary and transdisciplinary research has been a continuous one since the 1970s. Here it is important to emphasize that multidisciplinarity, interdisciplinarity, and transdisciplinarity approaches are better treated as complementary rather than being mutually exclusive. It is important to stress this complementarity because the interrelations between these approaches ought to be more systematic than they have been in recent years.
Conclusion
There is an urgent need for innovative approaches in many situations, such as the blatant failure of the wealthiest countries of the world to deal with a wide range of challenges. For example, the necessity of addressing environmental concerns has not been recognized by all actors and institutions in developed and so-called developing countries as being essential for sustaining human living conditions on earth. Many governments in these countries have not realized the urgency of mitigating the consequences of their ways of life by the implementation of innovative policies. This inertia has some of its origins in the lack of interdisciplinary and transdisciplinary contributions. Most scientific contributions on this subject are completed by the bio-physical environmental sciences in order to understand the changes and impacts in the bio-physical environment. Nevertheless, analyses of the behaviour and organization of human societies are also needed to address the situation with political tools. Therefore, at the very least, multidisciplinarity is required to address this complex issue in its globality. However, the different epistemologies of each discipline and science (in both the natural and human sciences) raise difficulties for collaboration, preventing strong interdisciplinarity, especially when treated within traditional disciplinary scientific methodological frameworks. The practical solution will lie in the capacity of teams of researchers and representatives of civil society to join their research objectives by building dialogue. However, even as many researchers and practitioners no longer question the need for interdisciplinary contributions, transdisciplinary approaches are still not yet commonly applied in order to address core environmental questions.
